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[57] ~ ABSTRACT

A speed limiting hydraulic slide valve. The slide valve
1s provided with control pressure chambers at each end

‘thereof. The slide is provided with a longitudinal pas-

sage at each end and this passage opens into the adja-
cent control pressure chamber. Each passage is nor-
mally closed by a check valve. Each longitudinal pas-
sage communicates with a peripheral passage on the
valve of the slide by means of a radial passage. If the
hydraulic actuator, such as a cylinder, begins to move
too rapidly, the pressure in the radial passage will drop, |
and the pressure in the appropriate control pressure
chamber will thereupon overcome the check valve in
the passage which opens into such chamber, and this
will cause the valve slide to move in a direction which
will decelerate the action of the cylinder.

5 Claims, 4 Drawing Figures

3 1 35

..........- 24 B RT M AN M g ey

.[ o ";/

. ﬂm-‘ﬁ’

h - A _ ra | | *
' 4 3 7
J 15 713
N o )

Ny |
.
———

3 1



4,633,762

~ Sheet 1 of 2

U.S. Patent  Jan. 6, 1987

<N
3 -_,m ,",_m E
h B—W w_ %;5
MV
TN
b
e =
Mu_.. O




U.S. Patent  Jan.6,1987 Sheet2of2 4,633,762

.

._..........\

Q 36 15 ’13- - 12 2 ’]6 37 2 O _
l‘l“ awnw it | AVANA N wme I
[ S o N gy B o ] A
I— ,I,:'M!VIIIII&;”",,//// ....-.11//11&5'1:{/5 Q
-f[” s 2l /.,IIIIJIJ 770 //

== L':_.I__/’.IIIIIIIII = ltele /L NV
e s o (N
’1Oi S 3 9] w B | 7
' Fo2 |
7
1 20
’t‘\'ﬁ_‘!‘:“?‘l AVANAAW
#—;" ;'%'J Alf;lﬂfﬂ:n-.r;; 7 /-ri; / lld’/[
("'”"fﬂl”/”ﬂ""’/ ///;’ L7728 lllz

. Iel..- Ch,

\muwrmivuw

,, HHH

32 ,'!3_
’,5 .4.J. -

“““wm

e!.'.’*:lc q_- — .

- — - FlGz
'F”I I”l l//ll Jm-m n A oo o BN II l ! ,/,I'

274

//
L— Wb e, oI // LTI
r:?-%’_]z‘:fllllﬂ'ﬂ_ d m//A// N

10

L 31 ' - ‘I
_ ""'"""""""'"'""" -_ FsG4 _

277




4,633,762

1

SPEED LIMITING DEVICE DESIGNED TO EQUIP
THE SLIDE VALVE OF A HYDRAULIC SYSTEM

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to a slide valve for controlling

- the operation of a hydraulic actuator, such as a cylinder.
More particularly, this invention relates to a slide valve
with a speed hmiting device for controlling the opera-
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tion and the speed of operation of a hydraulic actuator -

such as a cylinder.
2. Desc:nptlon of the Prior Art
It is known to control the operation of a hydraulic

actuator such as a cylinder by means of a slide valve
‘which slides between two extreme positions as a result
of a control pressure applied to one or another of its
ends.

A slide valve as described may be used, for exampile,
to apply an inlet pressure in one chamber of a cylinder
whose other chamber is interconnected with the return
tank. A hydraulic system using such a slide valve per-
forms satisfactorily as long as the displacement of the
piston of the cylinder occurs against a counter pressure.
However, whenever the piston of the cylinder is not
- subjected to such a counter pressure, it is likely to oper-
ate faster than the speed set by the inflow, and this may
cause a pressure drop upstream from the cylinder, due
to the acceleration of the displacement of its piston.

SUMMARY OF THE INVENTION

15

20

25

30

The present invention is designed to eliminate these

disadvantages by offering a hydraulic slide valve with
speed limiting characteristics to maintain constant oper-
ating speed of the cylinder piston during extensmn and
retraction.

A speed limiting slide valve according to the present
Invention includes a control pressure intake chamber at
each end of the slide valve.

The outside surface of the slide of the slide valve
includes several grooves whose axial length is deter-
mined by the arrangement of the grooves which are
provided in the housing of the slide valve. The groove
in the slide valve housing which is used to feed the
cylinder has a radial bore which opens into a longitudi-
nal conduit provided inside the slide valve. The internal
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conduit extends to one end of the slide valve where it

-communicates with the respective control chamber. A

movable ball plug is provided inside the conduit, which

has a fixed seat for the ball plug, to close off flow
through the conduit when the pressure difference to
‘which it is subjected causes it to close. Thanks to this

- arrangement, it becomes clear that when the cylinder
piston accelerates in its displacement, the pressure will

‘drop inside the the internal conduit, and this will cause
the ball plug to unseat which will permit flow through
the internal conduit toward the inside of the slide valve,
causing the slide valve to return against that control
pressure to limit the rate of displacement of the cylinder
piston. .

According to another feature of the invention, the
slide valve housing includes a central inlet groove
which 1s located between the two grooves provided to
direct the pressure upstream or downstream of the cyl-
inder. Each of the pressure directing grooves is con-
nected, by means of a radial bore, with a single longitu-
dinal conduit located inside the slide valve. In other
words, two conduits are provided inside the slide valve,
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each one extending for approximately one half of the
length of that slide valve, with each of them having the
ball plug in such conduit near an end of the slide valve.

The present invention will be better understood by
reference to the drawing and the description thereof,
which 1s not intended to limit the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

- FIG. 1 is a schematic view which illustrates a pre-
ferred embodiment of a slide valve according to the
present invention;

FIG. 2 1s a schematic view which illustrates an alter-

native embodiment of the present invention, an
embodiment which contains sensing grooves in the

valve housing which permit the invention to be
utilized with an external device such as a governor
for control of a variable dlsplacement pump or the
like; | .
FIG. 3 is a schematic view which illustrates the shde
valve of FIG. 2 in another position; and
FIG. 4 is a schematic view which illustrates the slide
valve of FIG. 2 in yet another position.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The slide valve illustrated FIG. 1, includes a housing
1 which houses a slide 2. The slide 2 is axially movable

‘within the housing 1 and includes two peripheral

grooves 3 and 4. The end 5 of the slide opens into a
pressure control chamber 6. The pressure control cham-
ber 6 1s exposed to pressure through a pressure inlet 7.
At the opposite side, the end 8 of the slide opens into
another pressure control chamber 9. The pressure con-
trol chamber 9 is provided with an inlet 10 which allows
for the inflow of a control pressure. A neutrally posi-
tioned return spring 11 is provided inside the pressure

control chamber 9. o

Five ring grooves are machined into the housing 1,
and these ring grooves are as follows:

a centrally located feed groove 12 which is connected
with a power feed pressure;

two grooves 13 and 14, located on either side of the
feed groove 12; and

two grooves 15 and 16 which are located near the
ends of the slide valve, each of which connects with the
return tank, not shown.

The peripheral groove 3 of the slide 2 is connected by
means of a radial bore 17 to an internal longitudinal
conduit 18. The internal conduit 18 opens into the con-
trol chamber 6. A check valve which is made up of a
ball plug 20 whose displacement is limited by a fixed,
internal stop piece 21 and by a valve seat 19 is provided
within the internal conduit 18. |

Similarly, the peripheral groove 4 of the slide 2 is
connected by a radial bore 22, to an internal, longitudi-
nal conduit 23. The internal conduit opens into the
control chamber 9 and contains a check valve which is
made up of a ball plug 25 which moves freely in the
conduit 23 between a stop piece 26 and a valve seat 24.

In the embodiment illustrated in FIG. 1, it has been
assumed that the hydraulic actuator is a double-acting
reciprocating cylinder 27 whose large section chamber
28 is connected to the groove 14 by a conduit 29,
whereas its small section chamber 30 is connected to the
groove 13 by a conduit 31. |

The slide 2 operates in the following manner:
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As a control pressure is sent through the pressure
inlet 7, the slide 2 moves to the left, as indicated by
arrow 32, so as to connect the peripheral grooves 3 and
14 and the conduit 29 and the chamber 28 with the
pressure inlet groove 12. Likewise, the grooves4and 13 5
are connected with the tank return groove 15. There-
fore, the piston rod 33 of the reciprocating cylinder 27
moves in the direction indicated by arrow 34.

If, as a result of the load against the piston rod 33, it
is caused to move faster than the speed set by the fluid
flow in the conduit 29, a pressure drop will occur in the
groove 14. This pressure drop will be communicated to
the internal conduit 18 through the radial bore 17, and
this will cause the ball plug 20 to unseat from the valve
seat 19. The control pressure is, therefore, also commu-
nicated to the chamber 6. When the control pressure
drops in the chamber 6 as described the slide 2 will
move in the direction indicated by arrow 35. This will
reduce the flow of fluid from the groove 13 to the
groove 15 through the groove 4, and, as a result, it will
also reduce the return flow in the conduit 31 and slow
the motion of the piston rod 33.

The operation of the slide 2 is reversed when an initial
control pressure is communicated to the chamber 9
through the inlet 10. This pressure moves the shde 2 to
the right, as indicated by the arrow 35, thereby connect-
ing the peripheral groove 4, the groove 13, the conduit
- 31 and the chamber 30 with the pressure feed groove 12
to push the piston rod 33 of the cylinder 27 in a direc-
tion opposite to that indicated by arrow 34.
~ In the embodiment illustrated in FIGS. 2 through 4
provisions have been made for the slide 2 to be equipped
with a system pressure sensor, which is usually called
“load sensing” device.

The slide valve of the embodiment of FIGS. 2
through 4, which is otherwise similar to the one illus-
trated in FIG. 1, also includes two sensor grooves 36
and 37 in the slide 2, outside of the grooves 15 and 16,
respectively. The sensor groove 36 1s interconnected by
a radial bore 38 with the internal longitudinal conduit
23. Likewise, the sensor groove 37 may be connected
with the internal longitudinal conduit 18 through a
radial bore 39.

‘The sensor grooves 36 and 37 are interconnected by
an external sensor conduit 40.

The device operates as follows:

Whenever the control pressure is sent into the cham-
ber 9, the displacement of the slide 2 in the direction of
the arrow 33 causes either groove 12 and the groove 13
to be connected by the groove 4, so that the fluid pres- 50
sure in the pressure feed groove 12 is applied in conduit
31 and causes the piston rod 33 of the cylinder 27 to
retract.

Simultaneously, the inlet pressure enters the sensor
groove 36, so that the sensor conduit 40 senses the flwid
pressure in the piston rod 33 portion of the cylinder 27.
This pressure in the sensor conduit 40 is then connected
to an external device, such as a governor, not shown,
which may be calibrated to be used as a pressure limiter
or as a controller for a variable displacement pump, or 60
the like.

When no inlet control pressure is applied in either of
the pressure control chamber 6 or 9, the slide 2, which
1s controlled by the return spring 11, comes to a central
position in which the cylinder 27 is hydraulically 65
locked, as 1s illustrated in FIG. 3.

Alternatively, when the control pressure is applied to
the pressure control chamber 6, as is illustrated in FIG.
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4, the slide 2 moves in the direction indicated by arrow
32 so as to apply the pressure from the groove 12 into
the conduit 29, thus causing the piston rod 33 of the
cylinder 27 to extend. Simultaneously, the inlet pressure
is sensed in the sensor groove 37 and in the sensor con-
duit 40, where it is used to control the operation of a
governor or similar device, not shown.

A pressure drop in the groove 14, due to an accelera-
tion of the piston rod 33 of the cylinder 27, will cause
the ball plug 20 to open. This will cause a reduction in
the pressure in the pressure control chamber 6, and will
cause the slide 2 to move to the right in the direction of
the arrow 35 toward the position of the shde 2 which 1s
illustrated in FIG. 2. This will reduce the flow from the
groove 13 to the groove 15, which, in turn, will restrict
the flow through the conduit 31 and decelerate the
motion of the piston rod 33.

Having thus described the present invention by way
of an exemplary embodiment, it will be apparent to

‘those skilled in the art that many modifications may be

made from the exemplary embodiment without depart-
ing from the spirit of the present invention or the scope
of the claims appended thereto.

What is claimed is:

1. A speed limiting hydraulic valve comprising:

a valve housing;

a slide which is slidable within said valve housing;

first and second control pressure chambers disposed
at opposite ends of said valve housing, each end of
said slide being in communication with the control
pressure chamber which is disposed at the end of
the housing which is adjacent to said end of said
shide; |

a plurality of grooves in said valve housing, said
plurality of grooves in said valve housing compris-
ing:

a first sensing groove adjacent one end of said
valve housing;

a second sensing groove adjacent the other end of
said valve housing; |
the pressures in said first and second sensing

grooves being adapted to be used to control the
operation of said hydraulic valve by an external
device, such as a governor;

a plurality of grooves in said slide, said grooves in
said slide comprising first and second longitudi-
nally spaced apart and longitudinally extending
peripheral grooves in said slide;

certain of said grooves in said valve housing being in
fluid communication with certain of said grooves
in said slide when said slide is in a first position
within said valve housing to cause hydraulic fluid
to flow in a first direction through said valve, and
certain of said grooves in said valve housing being
in fluid communication with certain of said
grooves in said slide when said shide is in a second
position within said valve housing to cause hydrau-
lic fluid to flow 1n a second direction through said
valve; -

first and second longitudinally extending passages
within said slide, said first longitudinally extending
passage opening into the first of said control pres-
sure chambers and said second longitudinally ex-
tending passage opening into the second of said
control pressure chambers;

a third radial passage connecting said first sensing
groove to said first longitudinally extending pas-
sage; and
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a fourth radial passage connecting said second
sensing groove to said second longitudinally
extending passage; |

a first radial passage connecting said first peripheral
groove to said first longitudinally extending pas-
sage; |

a second radial passage connecting said second pe-
ripheral groove to said second longitudinally ex-
tending passage;

first check valve means within said first longitudi-
nally extending passage;

second check valve means within said second longi-
tudinally extending passage;

said first check valve means being adapted to open to
permit the control pressure in said first control
pressure chamber to move said slide toward said
second control pressure chamber to control the

- 4,633,762
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rate of hydraulic fluid flow in said first direction;

and

sald second check valve means being adapted to open
to permit the control pressure in said second con-
trol pressure chamber to move said slide toward
sald first control pressure chamber to control the
rate of hydraulic fluid flow in said second direc-
tion.

2. The speed limiting hydraulic valve according to
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claim 1 wherein each of said first and second longitudi-

nally extending passages extends for approximately
~ one-half the length of said slide.

3. The speed limiting hydraulic valve according to
claim 1 wherein a pressure drop occurs in said first
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longitudinally extending passage when the rate of hy-
draulic fluid flow in said first direction increases and
said first check valve means opens to permit control
pressure from said first control pressure chamber to
enter said slide and to cause said slide to move toward

sald second control pressure chamber, thereby reducing
the rate of hydraulic fluid flow in said first direction.
4. The speed limiting hydraulic valve according to
claim 1 and further comprising conduit means connect-
ing said first sensing groove to said second sensing
groove, the pressure in said conduit means being
adapted to control the operation of said hydraulic
valve.
5. The speed limiting hydraulic valve according to
claim 1 and further comprising:
a double-acting cylinder comprising a piston rod;
said double-acting hydraulic cylinder being hydrauli-
cally connected to said hydraulic valve so that the
flow of said hydraulic fluid in said first direction
causes said piston rod to extend from said cylinder;
and the flow of said hydraulic fluid in said second
direction causes said piston rod to retract into said
cylinder;
the control of the rate of hydraulic flow in said first
direction from said hydraulic valve to said cylinder
resulting from a restriction in the rate of the return
flow in from said cylinder to said hydraulic valve,
as a result of the increase in the back pressure of

~ hydraulic fluid against said piston rod.
x % * %X =%
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